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Marked-Up Version of the Substitute Specification 

rOOOn Field of the Invention 

[00021 The invention relates to a cooling apparatus comprising a cooling structure that is 
provided with at least one surface area for introducing heat, and a cooling member which is 
connected to the cooling structure in a heat-conducting manner. 

[00031 Backgroimd of the Invention 

[00041 In the prior art, cooling members are used to cool electronic components such as 
microprocessors or the power IC components of data processing equipment that comprise a 
plurality of fins so as to provide the largest possible surface area for the heat exchange between 
the cooling member and the cooling medium, such as air, surrounding the cooling member. To 
achieve efficient cooling, the thermal resistance between the surface of the components to be 
cooled, the cooling member and the cooling medium should be minimized. Where only small 
quantities of heat need be dissipated, a high heat-conducting connection between the 
components to be cooled and the cooling member is sufficient to provide passive cooling of the 
components. When larger quantities of heat have to be dissipated, fans are firequently used in the 
prior art, the fans being mounted close to the cooling member. These fans generate an air flow in 
the region of the cooling member and consequently improve the heat emission firom the cooling 
body to the environment. Such combinations of cooling members and fans are used, for example, 
for cooling processors, particularly CPUs in PCs and other electronic data processing (EDP) 
equipment. 
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[00051 The efficiency of a fan used to locally increase the air flow speed in the region of the 
cooling member is always subject to restrictions due to the fact that the separation of heat- 
exchange surfaces and the generation of air flows constantly involves a compromise between air 
flow and heat conductivity. The emission of heat to the environment requires the largest possible 
surface area, which, given limited space, can only be realized by using a large number of cooling 
fins. If the cooling fins are too thin, heat cannot be efficiently conducted into the fins, i.e. a 
minimum fin thickness, which has to be made to adapt to the overall system, is necessary. 

[00061 If the outside dimensions of the cooling member are limited, this goes to greatly reduce 
the free cross-section available for the cooling channels. At the same time, the loss of pressure is 
significantly increased and the flow rate of the cooling medivrai is greatly diminished. This 
results in a substantial rise in the temperature of the coohng medium and thus the temperature of 
the components to be cooled as well, i.e. the cooling effect declines considerably. 

[00071 The object of the invention is to provide a cooling apparatus for electronic components 
such as microprocessors in EDP equipment that can effectively cool these components with a 
high degree of efficiency. 

This obj e ct ha s be e n achi e v e d with a cooling apparatus having th e characteristics outlin e d in 
claim 1. 

[0008] Summary of the Invention 



DM2\786688.1 



14 



Docket No.: BOEOl 080 

[0009] The invention provides a cooling apparatus comprising a cooling structure that is 
provided with at least one surface area for introducing heat, and a cooUng member which is 
connected to the cooling structure in a heat-conducting manner. The invention achieves 
particularly high heat emission in that the cooling member is designed to be moveable so as to 
generate an air flow by means of the movement of the cooling member, the air flow supporting 
heat emission from the cooling member to the environment. Li particular, the cooUng member is 
fixedly connected to a shaft, the shaft being rotatably supported in the cooling structure. In a 
particularly preferred embodiment of the invention, the cooling member has blade-like or vane- 
Hke cooling surfaces that project in a radial direction from the shaft. The shaft may be driven, for 
example, by an electric motor. 

[0010] The invention is based on the idea that, instead of using the stationary, heat-conducting 
surfaces of a cooling member to increase heat emission, a cooling member can be used which 
has moving surfaces hke a fan wheel, and more particularly rotating surfaces. The cooling 
member can be designed in a similar way to a radial fan that has rotating, vane-like blades, or 
like an axial fan with substantially linear blades. The blades of the cooling member designed in 
the way of a fan take on the function of cooling fins, wherein it is possible to achieve 
substantially improved heat transfer from the surface of the cooling member to the cooling 
medium, particularly air, compared to the prior art. The invention further allows a greater degree 
of freedom in designing the actual cooling surfaces. The air flows generated by the cooling 
member can be optimized by the design of the fins or the blades of the cooling member in that, 
for example, a narrowing of the air flow chaimels generated by the blades is produced at the 
radially outer ends of the blades. It is a fundamental fact that the largest air acceleration and the 
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strongest turbulence occurs in the region of the blades, which goes to optimize the transfer of 
heat. 

[00111 In order to further improve the efficiency of the cooling apparatus according to the 
mvention, an air guiding device to direct the air flow can be provided. In particular, this device 
can comprise a cover plate that separates an air suction side and an air release side. In a 
preferred embodiment of the invention, the cover plate coaxially encloses the shaft and has 
a central aperture so as to define a flow channel in the vicinity of the shaft. This flow 
channel ensures that the cooling air is drawn in an axial direction and emitted in a radial 
direction. 

r0012] According to a further important aspect of the invention, the entire heat transport 
path from the heat source, i.e. the components to be cooled, to the cooling medium, such as 
air, is optimized. To this effect, the cooling structure comprises a container that is filled 
with a high heat-conducting medium. For its own part, this container is preferably made of 
a high heat-conducting material, such as copper or alimiinum. In order to ensure the highest 
possible optimization of heat transportation from the surface area for introducing heat to 
the cooling member, the shaft preferably extends into the container and is fixedly 
connected to a rotating member within the container. It is then advantageous if the rotating 
member and the shaft are made of a high heat-conducting material, such as copper or 
aluminum, and connected to each other in a high heat-conducting manner. The rotating 
member serves to generate a flow and turbulence in the heat-conducting medium so as to 
optimize heat transfer from the container wall to the heat-conducting medium held in the 
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container and from there via the rotating member and the shaft to the cooling member. The 
rotating member can be shaped like a disk. Transition resistance between the individual 
components is minimized. The rotation of the rotating member in the container goes to 
generate high heat transfer coefficients between the medium contained in the container and 
both the inner sides of the container as well as the surfaces of the rotating member. Heat is 
conducted along the shaft to the cooling member. 

[00131 In a preferred embodiment of the invention, the shaft is made of a high heat- 
conducting material having a large cross-section. In another embodiment, the shaft is 
designed as a heat pipe that can achieve very high axial heat transportation. 

[0014] According to an aspect of the invention, the shaft is supported in the container by a 
roller bearing or a sliding bearing that simultaneously serves to seal the container. 

[0015] The invention is explained in more detail below on the basis of a preferred 
embodiment with reference to the drawing. 

[00161 Short Description of DraAvings 

[0017] The one and only figure shows a schematic drawing of a cooling member according 
to the invention. 

[0018] Description of the Preferred Embodiment 
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[0019] The figure shows a coohng structure 10 taking the form of a closed container that 
comprises a baseplate 1 1 and a cover 12. A cylindrical cavity is formed in the baseplate 1 1 that is 
tightly sealed by the cover 12. Suitable materials for the baseplate 11 and the cover 12 include 
high heat-conducting materials such as aluminum or copper. A heat-conducting medium 
14, particularly a liquid medium, is enclosed in the container 10, the container being fully filled 
with this medium 14. Apertures (not illustrated) that can be hermetically sealed may be 
provided in the cover 12 and/or the baseplate 1 1 for purposes of filling the container 10. 

[0020] A shaft 16 is rotatably supported in the container cover 12 by means of a roller bearing 
13, particularly a ball bearing. Instead of a roller bearing, a sliding bearing, particularly a 
fluid bearing or a hydrodynamic bearing, can be provided. The shaft 16 extends into the 
interior of the container 10 and is fixedly connected to a rotating member 15. The rotating 
member 15 can take the form of a disk with or without openings, or be given any other 
shape suitable for optimizing the transfer of heat firom the medium 14 to the rotating 
member 15. 

[0021] At the end opposite to the rotating member 15, the shaft 16 is connected to an 
electric motor 17 for the purpose of rotating the shaft 16. 

[0022] External to the container 10, a cooling member 18 is mounted onto the shaft 16, the 
cooling member 18 being particularly designed in the way of a fan wheel having blade-like 
or vane-like cooling surfaces that extend radially outwards from the shaft 16. The rotating 
member 15, the shaft 16 and the cooling member 18 are all made of a high heat-conducting 
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material and are coupled to each other in a heat-conducting manner having the lowest 
possible thermal resistance, so as to thus optimize the transfer of heat from the outside 
surface 20 of the cooling structure 10 via the cooling medium 14, the rotating member 15 
and the shaft 16 to the cooling member 18. To this effect, the rotating member 15 is 
coupled to the shaft 16 in a high heat-conducting manner, and the cooling member 18 is 
also similarly connected to the shaft 16 in a high heat-conducting manner. 

[0023] As mentioned above, the container 10 is filled with a high heat-conducting medium, 
particularly a liquid. When the rotating member 15 rotates, currents and turbulences are 
produced in the liquid 14 so that high heat transfer coefficients occur both on the inside 
surfaces 21 of the container as well as on the surfaces 22 of the rotating member 15. This 
goes to further optimize the transfer of heat from the outside surface 20 of the cooling 
structure 10 via the heat-conducting medium 14 to the rotating member 15. 

[0024] The heat is conducted in an axial direction along the shaft 16 to the blade-shaped 
cooling member 18. The shaft 16 can be made of a high conductive material such as copper 
or aluminum and should have the largest possible cross-section and thus the lowest 
possible thermal resistance. In a particularly advantageous embodiment of the invention, 
the shaft 16 can be designed as a heat pipe allowing almost loss-free heat conduction from 
the cooling structure 10 to the cooling member 18. The thermal resistance of a heat pipe is 
about one tenth the resistance of copper. A heat pipe is a hollow cylinder which is filled 
with a liquid that evaporates at an operating temperature. The heat pipe comprises an 
evaporation region and a condensation region. Heat is absorbed in the (lower) evaporation 
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region, the liquid then enters the evaporating phase and the heat is released once more in 
the (upper) condensation region, where the liquid again enters the liquid phase. The liquid 
is then conducted back down to the lower region of the pipe by gravity or using capillary 
forces. In other words, a heat pipe is a very efficient means of conducting heat between two 
points with almost no loss at all. 

[00251 As shown in the figure, the shaft 16 is supported in the cover 12 by means of a 
bearing 13. The bearing 13 simultaneously acts as a seal, sealing the container towards the 
outside so as to prevent any medium 14 from escaping. 

|"00261 The rotating member 15, the shaft 16 and the cooling member 18 are rotated by the 
motor 17. This motor can substantially conform to the fan motors commonly in use in the 
prior art to cool CPUs. 

[0027] As mentioned above, the cooling member 18 is designed and constructed in the way 
of a fan wheel having rotating vanes or blades made of a high heat-conducting material, the 
fan wheel being coupled to the shaft 16 in a high heat-conducting manner. The cooling 
member 18 preferably has a rotationally symmetric design that can be optimized to 
generate a strong, cooling flow of air. The present invention makes it possible to achieve a 
particularly effective transfer of heat from the surfaces of the cooling member 18 to the 
surrounding air since the cooling member 18 itself operates like a fan wheel so that the 
highest air speed occurs in the region of the blades or fins of the cooling member 18. An 
especially effective transfer of heat is produced by the high air speed and the turbulence 
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generated in the region of the blades. Moreover, compared to the prior art, the invention 
offers a significantly greater degree of freedom in designing the actual cooUng surface of 
the cooling member 18. Whereas in the prior art, a compromise has to be made between a 
cooling member having the largest possible surface to emit heat, thick fins and sufficiently 
large channels for the through flow of air, according to the invention, the blades or the fins 
of the cooling member 18 can be designed in a variety of ways so as to maximize the 
surface of the cooling member 18 and simultaneously achieve an optimum air flow. 
|"0028] If the cooling member 1 8 is designed, for example, in the way of a fan wheel having 
blades that extend radially outwards, the flow channels for the air are enlarged radially 
outwards. In order to give added acceleration to the air flow, these channels can be 
narrowed again in the radially outer region by means of additional fins or by giving the 
blades a special shape. The design of the moveable cooling member should be aimed at 
minimizing regions without any air movement that occur in the vicinity of the cooling 
member and maximizing the flow of air. In conventional technology, where there is a 
stationary cooling member and a mounted fan, a bell-shaped region is created under the fan 
motor in which almost no air movement at all occurs and consequently no cooling effect 
either. Such regions without any air movement are to a large extent eliminated by the 
present invention. The invention achieves lower overall thermal resistance than is found in 
the cooling apparatuses for microprocessors usually used in the prior art, which have 
stationary cooling members and blowers. 

r0029] According to the invention, a second cover plate 19 can be provided for the 
improved channeling of air flows and as a protection against contact. This cover plate 19 is 
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disposed coaxially to the shaft 16 and has a central aperture 23. It separates the air suction 
side from the air release side so as to generate a defined air flow when in operation, 
indicated in the figure by the arrows 24, 25. 

[00301 The cooling apparatus according to the invention can be used as a compact unit to 
cool microprocessors, particularly CPUs, or other processors and heavy-duty components 
in data processing equipment. Provision can be made for the cooling apparatus to be 
integrated as a closed unit into a housing that is schematically indicated in the figure by the 
dotted line 26, 28. In this event, openings have to be provided in the housing 26, 28 in the 
region of the air flows 24, 25 for the suction and release of cooling air. The cover 19 is 
then preferably designed such that a current of cooling air flows in an axial direction along 
the shaft 16 into the cooling apparatus and is diverted in the cooling apparatus so that the 
air flow is released radially outwards. As mentioned above, this air flow can be optimized 
by giving the cooling member 18 an appropriate design. The cooling member, or its blades 
respectively, can particularly be given straight, curved, slotted or perforated surfaces. The 
height of the surfaces can be made to vary in a radial direction from the inside towards the 
outside; the sheet metal used for the blades could also have different thicknesses. The 
housing for the cooling member can take different shapes, such as a cochleate housing as in 
a radial fan or a square housing as in a fan wheel, in which one or more side faces can be 
open. 

[0031] The invention provides a cooling apparatus for an electronic component that 
optimizes heat transportation from the heat source via the cooling structure 10, the shaft 16 
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and the cooling member 1 8 to the environment. In realizing the invention, appropriate heat- 
conducting materials and liquids can be adopted. It should also be noted that the individual 
components of the cooling apparatus are coupled to each other with minimum thermal 
resistance. 

["00321 The characteristics revealed in the above description, the claims and the figures can 
be important for the realization of the invention in its various embodiments both 
individually and in any combination whatsoever. 

Identification Reference List 



10 Container 

1 1 Baseplate 

12 Cover 

13 Roller bearing 

1 4 Heat-conducting medium 

1 5 Rotating member 

16 Shaft 

17 Drive unit 

1 8 Cooling member 

19 Cover plate 
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20 Surface area 

21 Inner surface 

22 Surface 

23 Aperture 

24 Airflow 

25 Airflow 

26 Housing 
28 Housing 
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Amendments to the claims ; 

The claims in this listing will replace all prior claims in the application. 
Listing of Claims ; 
What is claimed is: 

1. (Currently amended) A cooling apparatus having a cooling structure that comprises at 
least one surface area (30)-for introducing heat, and a cooling member (4r8)-that is 
connected to the cooling structure in a heat-conducting manner, wherein the cooling 
member fi^is moveable so as to generate an air flow (2 4 , 25) b y means of the 
movement of the cooling member-ftS), the air flow (2 4 , 25) supporting heat emission 
from the cooling member (18) t o the environment, charact e riz e d in tha tw herein 
the cooling member-{J-8) is fixedly connected to a shaft (i^and the shaft-(M) is 
rotatably supported in the cooling structure, 

the cooling structure comprises a container (iO)-that is filled with a high heat- 
conducting medium-(14), and 

the shaft-fl^ extends into the container (iO)-and is fixedly connected to a rotating 
member (15)-within the container-(i^. 

2. (Currently amended) A cooling apparatus according to claim 1, charact e riz e d in 
tha twherein the cooling member-(l^ has a plurality of blade-like cooling surfaces that 
project in a radial direction from the shaft-(i^. 

3. (Currently amended) A cooling apparatus according to claim 1, charaot e riz e din 
tha twherein the cooling member-(iS) has a plurality of vane-like cooling surfaces that 
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project in a radial direction from the shaft-(i^. 

4. (Currently amended) A cooling apparatus according to on e of th e pr e ceding claims, c h 
aract e riz e din tha t claim L wherein the shaft-(i€) is connected to an electric drive 
unit-(W). 

5. (Currently amended) A cooling apparatus according to on e of the prec e ding claims, c h 
aract e riz e d b v claim 1. wherein an air guiding device-(i^ to direct the air flow. 

6. (Currently amended) A cooling apparatus according to claim 5, charact e riz e d in 
tha twherein the air guiding device-fl9) comprises a cover plate that separates an air 
suction side and an air release side. 

7. (Currently amended) A cooling apparatus according to claim 6, characteriz e d in 
tha twherein the cover plate-(4^ coaxially encloses the shaft {i6)-and has a central 
aperture (35)-so as to define a flow channel in the vicinity of the shaft-(M). 

8. (Currently amended) A cooling apparatus according to on e of the preceding claims, c h 
aract e riz e d in tha t claim 1. wherein container (i^is made of a high heat- 
conducting material, particularly copper or aluminum. 

9. (Currently amended) A cooling apparatus according to on e of th e pr e c e ding claims, c h 
aract e rized in tha t claim L wherein the shaft-(i€) is supported in the container (W) 
by roller bearings-(i5). 



DM2\786688.1 



26 



Docket No.: BOEOl 080 

10. (Currently amended) A cooling apparatus according to according to on e of th e 
pr e ceding claimG, charact e rized in tha t claim 1 , wherein the shaft fl€)-and the 
rotating member-(15) are made of a high heat-conducting material, particularly copper 
or aluminum, and are connected to each other in a high heat-conducting manner. 

11. (Currently amended) A cooling apparatus according to one of th e prec e ding claims, c h 
aract e rizedin that c laim 1, wherein the rotating member-(i5) comprises a disk for 
generating a flow in the heat- conducting medium-(14). 

12. (Currently amended) A cooling apparatus according to claim 11, characterized 
in-tba twherein the disk (4r5)-has openings. 
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The instant application has been amended to conform with U.S. patent practice and no 
new matter has been added. Entry of the Preliminary Amendment is respectfully requested. 

No fees are believed to be necessary. However, if the Examiner determines that any fees 
are required, please charge the fees to Deposit Account 04-1679. Applicant respectfully requests 
that the application be forwarded for examination 
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Washington, D.C. 20006 
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Facsimile : (202) 776-7801 



Dated: August 7, 2006 



Respectfully submitted. 
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